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1 | INTRODUCTION.

We start with recalling one of the most celebrated classical oscillation theorem of Wong'!' obtained for linear nonhomogeneous
equation

(p®OX") +q()x = f(1). ey
It says that (T)) is oscillatory if

lim sup Hy(t) = — li¥n inf Hy(1) = oo,

=00

where H,, is given by

_ 1
H (1) = T/ @) T/ f(s)v(s)dsdz 2

and v is a positive nonprincipal solution of the corresponding homogeneous equation

(p)x") + q(H)x = 0.

Recently, the above oscillation theorem has been extended by the present authors in to equations of impulsive type of the
form

(XY +qO)x = f(1), 1+ 0,
Ax+ax=f;, Ap)x' +bx+cx' =g;, t=0,




2|

Indeed, the first extension was given even earlier in“ for a much simpler case a; = ¢; = 0 as an application of nonprincipal
solutions.

A successful generalization of these results to nonlinear differential equations can be found in*2. In particular, related
oscillation theorems were derived in® for nonlinear equations with mixed type exponents # > 1 and a < 1 of the form

PO +q®1x|”" x = r@]x|*'x = f(0), 3

where p and g are non-negative functions. Due to the sign changing coefficients the limiting case « — 1~ and # — 1% has led
an improvement of the Wong oscillation theorem mentioned above. We note that various extensions of Wong type oscillation
theorems to nonlinear ordinary differential equations can be found in”%%1Y% However, there is not much work in the literature
for their impulsive counterparts®l. On the other hand, there are many results involving different types of oscillation theorems
for nonlinear differential equations under impulse effects, see for instance 2131415 and the references cited therein.

In this work, inspired by the above mentioned studies, we will establish Wong type oscillation criteria for a general class of
nonlinear impulsive differential equations of form

(POX") +q)F(x) —r)G(x) = f(t), t#86
Ax +a;F(x)— b,G(x) = f,,
Ap)x' + ¢;F(x) —d,G(x) = g,

t=26, @)
t=26,

where p > 0, q,r, f are piece-wise left continuous functions on [0, o0); F and G are continuous on R; {a;}, {5;}. {¢;}, {d;},
{f;} and {g;} are real sequences; 1 — a; + b, > 0; the sequence of impulses {6,} is unbounded and increasing. As usual,

Aylg = ¥(6) = ¥(6))

measures the jump of yatt = 0,.

A function y(¥) satisfying (@) is said to be a solution of (@) if it is left continuous on (6;, 6;,,]1 and lim,_,, , y(t) exists for each
i € N. As usual, we say that a solution is oscillatory if it is neither eventually positive nor eventually negative.

It turns out that the extension to nonlinear impulsive equations of the form (@) is possible if H,, in (2)) is replaced by

t N

n(s) ()
_ 1 /i
H(t) = / 2502 ( / u(s, 7)f(ov(r)dr + E u(s, Gi)Mi> ds + E —(1 mp— b,.)v(ei)’ (®)]

" p i=n(a) i=n(a)

where a is an arbitrarily large real number,
n(t) =inf{i : 6, >1t}, n@) :=sup{i : 0, <t},

n(t)
ut.s)= [[-a+b). t2s5>a

i=n(s)

L (00 0) - (¢~ 400

M =806~ v

and v is a positive nonprincipal solution of

{@mﬂY+M®—dmx=Q 140,

(6)
Ax +[a; — blx =0, Ap()x' +[¢;—d;]x=0, t=6

i
fort > a.

The existence of principal and nonprincipal solutions of (6) and their applications to asymptotic integration of certain
nonlinear impulsive differential equations can be found in®.

Obviously, the equation (3)) is a special case of @), and hence the certain particular cases of equation (@) result in the Emden-
Fowler type impulsive equations. The corresponding Wong type oscillation theorems will be stated in the present work.

2 | LEMMAS

We give two useful lemmas that we will rely on in the proof of our main oscillation theorem. The first lemma is a construction
of an integral equation that is equivalent to given impulsive system (I)), and the second one is a simple calculus application.



Let x be a real valued function defined on [0, c0). We define the operators J;, J,, and J; as follows:

t

(J1x)(0) = /M(f, )u(7)Q(4(7), r(7), x(7)) dz,

a

n(t)
(Jyx)(t) = ,g:b ult, ei){ 0(6,)0(c,, d,, x(6,)) — ﬁ [p(e,.)u’(ei) (e, - d,.)u(e,.)] O(a, b, x(0)) }
and
_ F (s, a) [ (F0(5) + (Fp)(s) & 0, b, x(6)
(J3)@) =c; + ¢, p—(S)Uz(s) ds + / X00) ds + iﬂz(a) (—a +5)0@) @+ b))’
where

QO(a,b,x) = (a — b)x — aF(x) + bG(x).
Lemma 1. Let v > 0 be a solution of (6)). Then, x is a solution of (@) if and only if it satisfies the integral equation
X
— = J3x + H(),
0(0) 3X ®)
where H and J; are as defined in (3)) and (7)), respectively.

Proof. Let x() be a solution of (8) and 7 # 6,. It is not difficult to see that

(J3x) = p(t)lljz(t) (cpu(t,a) + Jx + J,x).
Thus,
p()x" = p()' (1)J5x + %(czy(t, a)+ J,x + Jyx) + p(t)Z’
and so
(p)x"Y = (p(t)u’(t))’.[3x + p(t)U’(t)(J3x)’ - 52((3 (cou(t,a)+ J;x+ J,x)

+ %((Jlx)’ + (X)) + (02,
where z = vH. One can easily show that
(%) = p(t, Ho0(g(1), r(t),x), (L,x)'() =0, ut,1)=1

Also, as shown in% Theorem 2.2, z = vH is a solution of

{@mfy+wm—dmz=ﬂm 140,

Az +[a; — bz = f;, Ap)z' +[c;—d]z=g, t=0,
Taking the above considerations into account, it follows from @) that
(p)x") = —[q(t) — rH]v®)J3x + O(g(®), r(1), x) — [q(t) — r(D]z + f (1)
or
(px") + g F(x) = r()G(x) =1 (1).

Now, we look at t = 0,. Clearly,

_ Q(ap b,, X(H[))
(J3x)(0,+) = (J3x)(0)) + —(1 p— b,)U(G,).
Then,
Ax|t=0’ =A[v(0,)J3x(6))] + Az(6,)
=(1 —a; + b)v(6,)J;x(0,+) — v(6,)J3x(8,) — (a, — b))z(6,) + [,

=—(a; — b)x(0,) + O(a;, b, x(6)) + f;

)

®)

®

(10)

Y

12)

13)
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which implies that
Ax|i—g, + a,F(x(6)) — b,G(x(6))) =f}. (14)
Now, it is not difficult to see that J,x(8,+) = (1 — a; + b;)J;x(6,) and
Jox(0,+) =(1 —a; + b)) J,x(0)) + (1 — a; + b)v(,)Q(c,, d;, x(6,))
— [PV (6)) — (¢; — d)v(0)] OCay, by, x(6))).

In view of (9) we can write

l—a,+b
A[p(t)v(t)(J3x)'(t)]|t:0[ =[ U(Zﬂ I U(L) (cyui(8), @) + Jyx(6)) + J,x(8)))
! !

+ — <(1 a + b[)U(el)Q(Cza dl, x(91)) - [P(gl)vl(el) - (C/ - d[)U(Gl)]Q(aza bl’ x(91))>
v(0,+)

_ p(OHV'(8)) — (¢; — d))v(8))
Ot X O = T w2 X0 (15)

On the other hand, using (T3) we have

p(@,)u’(@,) - (C, - d,)l)(@,)
(T =a +b)o(@) O(ay, by, x(6))). (16)
In view of (I3), (T6) and the fact that z(z) is a solution of (TI) it follows that

Apt)x |, =A[p()v(0)(J3x) (0)] + A[p()V' () T3x(0))] + A[p(6)Z'(6))
=0(c;, d;, x(0))) — (¢, — d)v(0))J3x(0,) — (¢, — d})z(0)) + g,

—(¢; —d)v(8)J;x(0)) +

or
Ap(t)x'|,=0, + ¢, F(x(6)) — d,G(x(6))) =g,. a7

From (I2)), (T4) and (I7), we deduce that x(¢) is a solution of (@).
To prove the converse, let x be a solution of (@). Letting x; = x and x, = p(t)x’l, we may write () as a system of first order
impulsive differential equations

X' +AX =@, X), t#6, (18)
AX+AX =¢(X), t=80,
where
X _ 0 —1/p(®) _la;=b; 0
x= [xz] - A0= [q(t) —r() ] A= [ci —d, o] ’
and
0 O(a;, b, x ) + f;
,X) = . (X)) = )
ol X) [Q(q(t), r(t),x1)+f(t)] 2% = [Q(c,, ,,x1)+g,]

As it is shown in® Theorem 2.2, the homogeneous equation (6) associated with (@) has principal and nonprincipal solutions u
and v such that

u(s, a)
u(t) = U(t)/ oG )UZ(S) s. (19)
Let ®(t, s) = ®©(1)D~!(s), where
W) o)
D) = .
© [p(t)u'(t) p(t)u’(t)]

Obviously, ®(t, s) is a state transition matrix of

X' +AX =0, 1#0,
AX+AX =0, t=6



By using the relation (I9) one can easily see that the entries a,; and a;, of ®(z, s) are

1 H(z,$)
"“_”m[ pe (S)/ T d”@]’ ”(’)”(S)/ o

Using the variation of parameters formula, we may write from (I8)) that

! ()

X)) =0t a)X(a)+ / O, s)p(s, X)ds + Z (1, 0,+)p,(X).
p i=n(a)

Therefore,

u(s,a) ds

x, () —clv(t)+c2v(t)/ 25020)

+u(r>{ / [O(a(s), r(5), x,(5)) + f ()] v(s) / ()2( )drds

n(t) u(r, 0 1
= Y [0@, b x,0) + f] [Pw U, ”/ oz )UZ(T) jde - 0@, +)

i=n(a)

S u(r, 0
Z [Q(C’, i° x1(9 )) + g, U(H +)/ (T)UZ(T) dT}

i=n(a)

By changing the order of integration in (20), the order of integration and summation both in (ZI)) and in 22)), and using u(,

u(t,0,)/(1 — a; + b;), we finally obtain that x, is a solution of (8).

We will also need the following simple lemma. The proof is elementary, so we omit it.

Lemma 2. Suppose that x F(x) > 0, xG(x) > 0 for x # 0. If

lim@>1 lim () 1, lim@<l lim () 1,
[x]-00 X |x|-0 X [X|]-00 X |x|-0 X
then
F, = —mm [x - F(x)|, Fy = max [x -F)|, G, = = —min [x -G, Gy = max [x - G(x)|

exist as positive real numbers

3 | WONG’S OSCILLATION THEOREM

In addition to H given by (3)), we define

t N

n(s)
N@) = / ;{ / u(s. D@ 9@ Fy +r(0)G, ] dr + Y u(s.60)[CFy +D,Gm]

o p(S)UZ(S) o i=n(a)
n(t)
1
+ —  |a.Fy +bG
z (l—ai+bi)v(0i)[’ v+ ;G

i=n(a)

and
t

s n(s)
N() := / ;{ / U5, DD [g(OF, + (0G| dr + Y y(s,e,.)[c,.Fm + D,GM]

p(s)v(s)
n(t)

1
’ ,-;(a)m[aiﬂn +5,Gyl.

i=n(a)

(20)

2y

(22)

0+) =

O

(23)
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where F,, F);, G, and G, are as in Lemma[2} and

C.

L= cu(6,) — l_a— [p(9;)v'(9;) = (¢ = d,»)v(G,»)],

+b,

i i

b.
D, = dp() - T—— [p(Gi)U'(Qi) — (e - d,.)u(ei)].

i i
We may now state and prove our main result for oscillation of ().

Theorem 1. Let (6) be nonoscillatory and v(f) > 0 be its nonprincipal solution. Suppose that (23] holds, and g(?), r(?), a;, b;,
C; and D, are non-negative. If

lim sup[ (1) = N()] = —lim inf [H(1) + N@)] = oo, 24)

t—00

then the impulsive equation (@) is oscillatory.

Proof. Let x(t) be a solution of the nonlinear impulsive equation (). By Lemma x(1) satisfies (8). We need to estimate J5x
given in (7). To do so, we need to estimate J,x and J,x. Since g(¢) and r(¢) are non-negative, in view of Lemma@ we can write
from
t
@00 = [ utt. o) (a6 = Fo] = o) = 6] ) ar

a

that

IA

[ u. T)U(T)(g(T)FM + r(T)Gm> dr, x>0,

(J1x)(®) (25)

v

[ u. r)v(r)(q(r)Fm + r(r)GM> dr, x<0.

Next, we rewrite (J,x)(?) as

n(t)
(LX) = Y ut, 9,-){u(9,—>(<c,- — d)x(6,)) — ¢, F(x(6))) + d,—G(x((a,-)))

i=n(a)

- ﬁ [P0 ©) = (e, = de©)] ((a, = B)x(6)) - a, F(x(6,) + b,G(x(6,) ) }
n(r)

=Y ua, ei){ (Glx= FGol - Dilx - G0 ) }

i=n(a)

Since a;, b;, C; and D; are non-negative, by Lemma 2] we easily obtain

[ A A

i=n(a)

SO, 9[)(CiFm + D,GM), x <0.

i=n(a)

SO, ei)(c,.FM + D,.Gm), x>0

(Jpx)(1) (26)

v

On the other hand, it is not difficult to see that

, x>0,

n(t) 1
Z:i=n(a) (1—a,+b,)v(6,) <aiFM +b6,G,,

n(t) 1
Zi:ﬂ(a) (1—a,+b)v(8,) <ai Fy + b"GM)’ x <0.

z(i 0(a;, b, x(6,))

(1 —a, + b,)v(6;) @7

\%

i=n(a)

Employing 23), (26), and in (7) leads to



t

< c1+cz/%ds+ﬁm, x>0
(J3%)(1) 4 ° (28)
> c1+c2/%ds—ﬂ(ﬂ, x <0.

a

By using the estimate (28) in (8), we easily obtain

1

x(1) H(s, a) ~

%SC1+C2/mdS+H(I)+N(I), X>0, (29)
x(?) u(s,a)

o) =T 62/ PGy IO RO X <O o

a

By making use of (24) and the fact that

t

/—,u(s,a) ds < o0,
p(s)v*(s)

a

it follows from (29) and (30} that

. x(1) . x(®)
limsup — = —liminf — =
t—00 U(t) t—o0 U(I)
Since v(t) > 0, we conclude that x(#) must be oscillatory. O

In the next section we illustrate some important special cases of Theorem|[I]

4 | EMDEN-FOWLER TYPE IMPULSIVE EQUATIONS

Let F(x) = |x|’~'x and G(x) = |x|*!x, where 0 < a < 1 < f, then (@) turns into the Emden-Fowler type impulsive equation
with superlinear and sublinear terms

POX"Y +qO1xI " x = r@|x|*'x = f(1), 1#6,
Ax + a,|x|P'x — b,|x|*'x = £, t=20, (€29)]
Ap)X' + ¢;|x|P'x — d,|x|*'x = g, =46,

By a simple calculation we have
F,=Fy =p/%P@p—1), G,=Gy=a"""1-a.

Therefore, we obtain the following oscillation theorem.
Theorem 2. Let (6) be nonoscillatory and v(f) > 0 be its nonprincipal solution. Suppose that g(z), r(?), a;, b;, C; and D; are

non-negative. Then, the halflinear impulsive Emden-Fowler equation (3T) is oscillatory provided that

lim sup[H() = N(1)] = ~liminf[H(1) + N(1)] = co, (32)

f—oo
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where H () is as given in (3)) and

t N

N@) := / L / u(s, (@) [g@ PP = 1) + 1@ (1 - )] dr
p(s)v3(s)

a

n(s)
+ Y, ws0)| GNP B = 1)+ D=1 ) } ds

i=n(a)
n(t)

R SR S VOB Y ol _
" 2 (1 —a; + b)v(8;) [alﬂ (f=D+ba a 0{)]

i=n(a)
Taking « — 1~ and f — 1% in BI) results in a linear impulsive equation
(pOx") + [q(1) = r@®]x = f(1), t#86;,
Ax +[a; = b]lx = f;, 0,
Ap)x' + [¢c; — d;]x = g;, =0,.

(33)

t
t
In this case, a®/0=® — 1/e and f#/~» — 1/e,and so F, = F,, = G, = G,, = 0. Thus we easily obtain the following

corollary.

Corollary 1. Let (6) be nonoscillatory and v(f) > 0 be its nonprincipal solution. Then, the linear impulsive Emden-Fowler
equation (33) is oscillatory provided that

limsup H(t) = — li¥n inf H(t) = oo,

=00
where H(¢) is as given in (3).
We finally state the Wong type oscillation theorems for the superlinear impulsive Emden-Fowler type equation
POX) +qO|xP"'x = f(1), t#6,

Ax + a,|x|P'x = f,, t=46, (34)
Ap)X' +¢|x|P'x =g, t=0,

and the sublinear impulsive Emden-Fowler type equation

O —r@®Ix|*'x = f@), t#0,
Ax — b|x|*'x = f,, t=46, (35)
Ap)x' —d|x|*'x = g, t=90,.

The following results are readily available from Theorem 2}

Corollary 2. Let the homogeneous equation associated with be nonoscillatory and v(¢) > 0 be its nonprincipal solution.
Suppose that (1), a; and C;; := ¢;0(0;)—a;p(0,)V'(6,) are non-negative. Then, the superlinear impulsive Emden-Fowler equation
(34) under impulse effects is oscillatory provided that

limsup[H,(?) — N, ()] = — li¥n inf[H;() + N,(#)] = o0,

i—co
where
p . o (s i(s) 7(s) i) 7
(1) = / m</i=1:[m(l —a,-)f(r)v(r)dr+i=§(2)g(l —ak)M,.1> ds+i:%)m,
with

B f, ,
My 1= 000) = 2 (PO (0) - @),



! 5 s)
N . 8/(1-B) (g _
N0 = / oy (s){ / [T =apu@a@p? =P - 1)dr

i=n(t)
n(s) n(s) n(?) a
+ 1=a)C. gPO-Ppg_1 ds + i BIA=B g — 1).
i=nz(a) [kgl( wCnp #=D S i:,%) 1- a,~)U(9,~)ﬂ #=D

Corollary 3. Let the homogeneous equation associated with be nonoscillatory and v(¢) > 0 be its nonprincipal solution.
Suppose that #(¢), b; and D;, := d;v(8;) — b;p(6;)V’(0;) are non-negative. Then, the sublinear Emden-Fowler equation (33]) under
impulse effects is oscillatory provided that

lim sup[H,(t) — Ny(1)] = = lim inf[H,(1) + Ny(1)] = oo,

where

! | 7(s) (s) 7(s) () 7

H,(1) := / A ( / ,!;Im(l +b)f(t)v(r)dr + %‘2) g(l + bk)Mi2> ds + %‘2) TTo0E)"
with
.- _ fi 2
My = 600D = 3 (@) + detd) ).
t 1 S ﬁ(s)
- ) a/(1-a) _
Ny(0) : / YT { / il;[ma + b)v(t)r(t)a (1-a)dr
n(s) n(s) S n(t) b S
" i:ﬂz(a) [kgl(l " bk)DiZ(x (1 - a)] } ds i:ﬂz(a) (1 + bi)U(Hi)a (1 B a).

5 | EXAMPLE

In this section we provide an example to illustrate the efficiency of Theorem[2] So, we consider an Emden-Fowler type impulsive
equation with superlinear and sublinear terms

@2+ Dx'Y +4|x|P'x = 10(£2 + 1)|x|*"'x = sint, t#i, t>1,
) )
Ax+ilxlP1x = T et = 1RG£ 1), t=i, (36)
i

AP + DX + 22G% + D]x|P'x =262 + D?|x|* 'x=2i, t=i, i>1.

Comparing with the general form (3T), we observe that 8, = i, p(t) = £*(£* + 1), q(t) = 4, r(t) = 10(> + 1), a; = i, b, = (> + 1) /i,
¢, =22+ 1),d, =2(i> + 1)?, f(t) =sint, f, = (=1)'i’(i + 1) and g; = 2i. Thus, 1 —a, + b, = (i + 1)/i > 0,

C, = c,(0,) - 1_5—+b [p(&i)u'(Hi) — (¢ - di)v(ei)] =0

and

b.
D, = dv(6,) - ———
I O S

i i

[P0 0) = (¢, = d 6| =0,
where v(t) = it?, t € (i — 1, i] is a nonprincipal solution of the associated homogeneous equation

FEE+ DY +4x - 10+ Dx =0, t#£i, t>1,
241

Ax+ix— 2T x =0, AP+ Dx) + 222+ Dx =22+ 1)?x =0, t=i, i> 1.
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For convenience we write

_ 1
N(t)—1/p—(s)vz(s)(yl(SHyz(S)) ds

n(t)
E ! B/(1-p) a/(1-a)
+ — 1 b - ’
i=n(a) (1 a; ~ b,»)v(f),.) [alﬂ (ﬂ ) i ( (X)]

H(t) =y5(1) + yq(0),

where

1

@ = / u(t, D) [g()B P (B = 1) + r(r)a®/ 101 — )] dr,
n(t)
»() = Z u(t,0,) [Ciﬂﬂ/(l—ﬁ)(ﬂ -+ Diaa/(l_a)(l _ a)],
i=n(a)
t N 7is)
O / ! ( / u(s. f (@) dr + Y u(s,ei)Mi) ds,
p(S)Uz(S) i=n(a)
n(t)
L fi
v = i%) T—a t5)00) ot 500

Leta=1,t€(k—1,kland s € (j — 1, j] for k > j > 2. It follows that
u(s,7) = (n(s) + 1)/n(z) = (j + 1)/n(7),

and so, u(s,i) =+ 1)/i,n(z) =i—1forr € (i —1,i]and n(zr) = j — 1 for = € (j — 1, 5). Thus, we have

i

/ 2 [4ﬁﬂ/<1—ﬂ>(ﬁ 1)+ 1022 + Da®/0-0(1 — a)] dr

i—-1

i
i—1

j—1
=G+,
i=2

/ 22 [49710P 5 = 1)+ 10(2% + D101 - )] de
J=1
=O(s6), s = 00,

+(I.+1)J
j—1

i

J oo
INOEDY j+1 [C,8/ 0P — 1) + D,a™/I=(1 — a))] =0,
i=2

and
n(t) :
2 T avayey WP O Db o)
i=n(a) i i i

3 y 241
_ B8/0-P (g _ 1) 4
)W [i7/0P 5 - 1)+ =

=0(l), t— co.

a"/(l_“)(l - a)]
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Therefore,

k-1 !
1 1
N(t):é / ETEII (y1(s) + »(s)) ds + / TETTE (y1(5) + y,()) ds
i-1 k-1

n(t)

N S SO ey
+f§w><1—ai+b»v(z)["’ﬁ (B =1+ ba®/1=0(1 — )]

=0(1), t— oo.
On the other hand, we calculate that M; = 2i*[1 — (=1)'i(i + 1)(i* + 1)),

S

/Il(s ) f(Dv(r)dr =(j + 1)2 /T sintdr + (J b ll)j/ 2 sintdr

a

=0(s"), s oo,

and
) j+ 1
> u(s.0)M; = 2 — (=D + DA + 1)

i=n(a)
=D+ 0(7), j - o
Then, from (38) we have

t N k—1 J N
1 _ 1
/M/,u(s,r)f(r)v(r)dr —Z;/I j—2s6(s2 1) 1/,M(S, ) f(D)v(r)drds
a a j—=

t

1
* / K52+ 1) / (s, ) f()v(r) dr ds
k 1

In a similar way, (39) implies that
! 1 n(s)
S u(s,0)M,ds = (— 1)k—+0(1) t — 0.
/ PS(s) Z:,)

Finally,

. k+2 3
40)_;( Di= D

The sum of @0), @I) and @2) yields to limsup,_ ., [y3(1) + y,(1)] = —liminf,_ [y3(t) + y, ()] = o0, or
limsup H(t) = — 11m mf H@) =

1—00

(37

(38)

(39)

(40)

(41)

(42)

(43)

Combining and (@3), we see that (32) holds. Since all the conditions of Theorem [2] are satisfied, we conclude that (36) is

oscillatory. The oscillation behavior of the solution when @ = 1/2 and f = 3/2 is shown in Figure[I ]
It is worth mentioning that the impulsive equation

(2% + Dx'Y + 4]x|'/?x — 10(#* + 1)|x|~"/2x = sint, t#i, t>1,
{A(tz(tz + Dx) + 222 + DIx|V2x =22 + D?|x|"2x =2i, t=i, i>]1,
obtained from (36} by setting Ax = 0, and the nonimpulsive equation
@@ + Dx'Y +4|x|'?x = 10¢% + D|x|""*x = sint, 1> 1,

obtained by removing impulses in (36) are nonoscillatory. This is illustrated in Figure[2 |and[3"] respectively.

(44)

(45)
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FIGURE 1 Graph of solution of (36) for t € [1, 100].
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FIGURE 2 Graph of solution of (#4) FIGURE 3 Graph of solution of @3]

Graphs of the solutions of equations (@4) and @3)) for 7 € [1, 1000].
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